Appl. No: 10/614,483 

Amdt dated October 2 ? 2008 

Reply to Office communication of July 25 2008 

Amendments to Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 

Claim 1 (currently amended): 

A computer implemented method system for developing an optimized workforce 
schedule for a plurality of agents^ each with a combination of defined skills and 
belonging to a skill group with agents having the same skills, to serve one or more 
contact types such as telephone calls, email, and other interaction media, a plurality of 
contact types, part time/fall time agent work groups with tour types with defined and shift 
scheduling rules rules, located at one or more contact centers each with its own operating 
hours and time zones, comprising the steps of: 

(a) acquiring n e t staffing lev e l agent requirements, bj^ for each contact type, and 
for each period and day to be scheduled by a computer any m e ans ; 

(b) acquiring tour, shift, days-ofF, and break scheduling rules, agent skills groups, 
part - tim e /full - time agent work skill groups, agent availability, and objective 
criterion to be optimized and its parameters by a computer any means ; 

(c) formulating the constraints and objective function of a Mixed Integer 
Programming (MDJP) model to describ e with the tour types ; shift, and days off 
and associated scheduling rul e s, rules including consistent and non-consistent 
daily start time requirements, a plurality of relief and lunch breaks each with a 
duration of one or more planning periods and a break window during which the 
break must be started and completed, staffing lev e l agentrequirements for a 
plurality of contact types and for each period to be scheduled, a plurality of agent T 
part - tim e /full - time ag e nt skills and skill g roups, agent availability, and agent costs 
by a computer ; 

wherein formulating the constraints and objective function of the MILP model 
comprises: 
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where, in constraint (c3\ 

f U OX. OU. OW. O V> = SkeOKil^IisOIkaknihl^ ^^ 

- ZkFOK j ILf* ^isOT2knhli Q^auhtjLQMaiiha-l)) 

jpj. tsTV h= 1 7. (clO) 

where 



Fk is the set of shift lengths specified for tour k; 

J is the set of all skill groups; 

R is the set of all contact groups; 

T h is the set of all planning periods in day h; 

Oik is the set of daily start times for tour k; 

QK j is the set of all possible tours including both requiring and not requiring 

consistent daily start times for scheduling agents in skill group j. When a tour 
requires consistent daily start times, a pseudo tour is defined for each start 
time of the tour with the same tour shift, break, and work and non-work 
rules, and included in Oik and QKj; 

OLw is the set of all allowed work day patterns for the agents assigned to tour k. 
Only the work patterns satisfying the work and non-work day rules specified 
for tour k are included in 01*; 

OBlk nih js the set of planning periods on day h during which an agent 

assigned to tour k and shift length n with a daily start time of i may start 
his/her first relief break and complete within the time window specified 



Page 31 of 56 



Appl. No: 10/614,483 

Amdt dated October 2, 2008 

Reply to Office communication of July 25 2008 

for this tour group, shift length, start time, and day; 
OB2wn US the set of planning periods on dav h during which an agent 

assigned to tour k and shift length n with a daily start time of i may start 

his/her lunch break and complete within the time window specified for 

this tour group, shift length, start time, and dav; 
OB3wnjh js the set of planning periods on dav h during which an agent 

assigned to tour k and shift length n with a daily start time of i may start 

his/her second relief break and complete within the time window 

specified for this tour group, shift length, start time, and dav; 
OTlw nh t is the set of daily start times for shift length n for tour k for which 

period t on day h is a first relief break start period; 
QT2k nh t is the set of daily start times for shift length n for tour k for which 

period t on dav h is a lunch break start period; 
QT3k nh t is the set of daily start times for shift length n for tour k for which 

period t on dav h is a second relief break start period; 
M r is the set of skill groups that can serve contact type r; 
Nj is the set of contact types that skill group j is qualified to provide service; 
fa is equal to one when period t on day h is in the shift span (that is. a work or 

a break period) of agents assigned to tour k who have a daily start time of 

i and shift length n on day h, and zero otherwise; 
A kih is equal to one when day h is a work day for agents assigned to tour k and 

work pattern 1. and zero otherwise; 
C J wi is the weekly cost of assigning an agent in skill group j to tour k with work 

pattern of 1; 

clnhi is the daily wage paid in addition to the weekly cost of C j h to agents in 
skill group j assigned to tour type k with a daily shift length of n and start 
time of ion day h; 

b r ht is the number of agents with the highest skill proficiency to serve contact type 

rsR required in period t on dav h; 
PS rtjs the per-unit penalty cost for allocating fewer than the number of agents 

with skill to serve contact type reR required b r ht. in period t on dav h; 



Page 32 of 56 



Appl. No: 10/614,483 

Amdt dated October 2, 2008 

Reply to Office communication of July 25 2008 

e* r is the relative efficiency of an agent from skill group j in serving contact 
type r with respect to an agent with the highest skill proficiency (100% 
efficiency level) for contact type n e^sfO. 1]: 

Qj^max - s t ^ e max j mum num ber of agents available in skill group j to assign 
to tour k; 

where decision variables whose values are determined by a solution to the MILP 
model are defined as: 

shift variables: 

OxLhi is the number of agents in skill group j assigned to tour k and shift 
length n with a daily starting time of i on day h; 

break variables: 

OlAnj ht is the number of agents in skill group j assigned to tour k and shift 
length n with a daily start time of i and starting their first relief breaks in 
period t on day h; 

OW j wwh t is the number of agents in skill group j assigned to tour k and shift 
length n with a daily start time of i and starting their lunch breaks in 
period t on day h. When a tour has more than one lunch break to be scheduled 
during a shift, then a set of break variables and constraints are defined for 
each lunch break type in the same manner with OW J w^ variables and 
constraints (c5\ and included in constraint (c3Y A lunch break variable may 
be two or more periods long. A lunch break variable will appear in all 
periods on the left hand side of (c3) with a negative sign during which the 
agents assigned to the associate break start time will be on break; 

Q Vj mj ht is the number of agents in skill group j assigned to tour k and shift 
length n with a daily start time of i and starting their second relief breaks 
in period t on day h. When a tour has more than two relief breaks to be 
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scheduled during a shift, then a set of break variables and constraints are 

defined for each break type in the same manner with OlAmhi and Q V J w.iht 

variables and constraints (c4) and (c6\ and included in constraint (c3) 

A relief break variable may be one or more periods long. A relief break 
variable will appear in all periods on the left hand side of fc3) with a negative 
sign during which the agents assigned to that break start time will be on 

break; 

work pattern variables: 

Owi is the number of agents in skill group j assigned to tour k with a work 
pattern of 1; 

allocation variables: 

is the number of agents from skill group j scheduled and not on a break in 
planning period t on day h. and allocated to contact type r; 

shortage variables: 

Sj lL is_thg total agent shortages on the left hand side of constraint (c2) in meeting 
the required number of agents. b r M. with skill to serve contact type rsR in 
planning period t on day h; 

excess variables: 

O r ht _is the total overstating on the left hand side of constraint (c2) in excess of 
the required number of agents. bS*. with skill to serve contact type reR in 
planning period t on day h; 
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variable sets 

OX = { OXW jeJ. neFk. keOKj. ielk, h = 1 71 is the set of shift variables 

QXlknha 

OU. OW. and OV are defined similar to the set OX to include, respectively, the 
first relief break, lunch, and second relief break variables (e.g. the set OU 
includes OtA ™h t. OW includes OW J kmht ) for skill groups in J. neFk. keOKj . 

iElw. h = 1 7. and tEOBlw^ for OU teOB2w nj> , for OW. and 

teOB3 ^ for OV. To facilitate the presentation of function (c\0\ planning 
period index (M) is used. If (t-1) is in one dav and planning period t in the 
next day, planning period and dav indexes are adjusted accordingly. For 
example, if a planning period is 15 minutes long and period 96 is starting 
period for a lunch break variable on day h. then the second planning period 
for this variable is not period 97. which is in the next dav. but period 1 of dav 
(h+1 Y Likewise if (h+1) is bevond the end of the scheduling period, 
schedules "wrap around" and agent availabilities appear in the first of the 
scheduling period. If some tours have four or more break types to be 
scheduled, one set for each break type is defined in the same manner with 
OU. OW. and OV. The function f VOX, OU. OW. OV) includes the decision 
variables for skill group j in OX. and the sets of break variables (e.g. OU, 
OW. OV) only, 
and 

G = i GV jeJ. reK teTh. h = 1 7} is a set of variables G^: 

(d) solving obtaining the Linear Programming (LP) LP relaxation of the MILP 
model formulated in the B&G Branch and Cut (B&C) algorithm bv relaxing 
all integrality constraints on the decision variables, solving the LP relaxation , 
and stopping the B&C algorithm with an optimal solution to the MILP model 
if when the optimal solution of the LP relaxation satisfies all integrality 
constraints, bv a computer an optimal solution to the MILP model is found ; 
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(e) calling the Rounding Algorithm (RA) RA algorithm consisting of the 

following steps by a computer if when the a solution to a-nede the LP 

relaxation of the NflLP model v iolating some integrality constraints is found 

by the B&C algorithm: 

i. obtaining the values of the decision variables in the optimal solution 
found for the LP relaxation of the MILP model; 

ii. rounding the fractional values of decision variables in OX. OU. QW, 
OV. and G down, and weekly tour variables OX and work pattern 
variables Oli down when their fractional part is le ss than or equal to 
0.50. and up if greater than 0.50. provided the agent availability 
constraints on the maximum number of agents available are not violated; 

iii. scheduling additional shifts bv increasing the values of decision variable 
in OX if additional shifts are needed to satisfy the number of work days 
required bv tour scheduling rules for each agent, and to have a shift 
scheduled for every agent who will be working on a given day based ef 
on the work patterns QVi scheduled; 

iv. scheduling additional daily breaks when the number of b reaks of each 
type is not sufficient to satisfy break scheduling rule s for a tour for each 
dav. daily shift length and start time, and unscheduling breaks when 
there are more breaks are scheduled than required by a tour f or a day. 
shift length and start time, due to rounding; 

v. computing the left side of constraint (cl) using the values determined in 
steps (1-iv) for the decision variables, subtracting the right side from the 
left side of constraint (c2. and determining agent shortages S r ht. when the 
difference is negative, and excesses O r ht, when the d ifference is positive. 
for each contact type and planning period; 

vi. computing scheduled agent availability for all skill groups and planning 
periods in (clO). comparing them with the agent allocations to different 
contact types by the rounded values of allocation variables G. and 
adjusting the values of the associated allocation, shortage. S\u. and 
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excess, Q\u variables to make agent allocations equal to scheduled agent 

availability in (clO) and satisfy (c2); 

vii. c hecking the solution constructed in steps (j) through (vi) to determine if 
all agent requirements are met in every planning period and . when all 
requirements are met, eliminating all redundant agent tews tour 
schedules that do not create agent shortages in any period when 
removed by lowering the values of related shift, break, and work pattern 
variables and stopping with the integer feasible solution found; 

viii. continuing to step (xii) with an integer feasible solution with agent 
shortages when agent requirements for some contact types are not met in 
all periods and all available agents in constraint (c8) who can serve these 
contact types are scheduled; 

ix. continuing to step (x) when there are agents available to schedule when 
left hand side of (c8) is less than its right hand side for one or more skill 
groups and there shortages in some periods for some contact types 
served by these skill groups; 

x. finding all periods in which some contact types have shortages, finding 
an agent with skills needed, from a skill group for which the l eft side of 
(c8) is less than its right side, together with a complete tour schedule 
with work and non-work days, daily shift start times and shift lengths, 
daily break times to reduce the agent shortages for o ne or more contact 
types, and adding them to the solution bv increasing the values of the 
corresponding decision variables by one to include the newly added 
agent tour schedule, and continuing to step (xii) when all agent 
requirements are met; 

xi. repeating steps (viii), (ix), and (x) until all agent requirem ents are met. 
or agent requirements for some contact types are not met in all periods 
and all available agents in constraint (c8) who can serve these contact 
types are scheduled ; 

xiL examining the tours scheduled in the integer feasible solution found and 
eliminating redundant tours that do not create new agent shortages in 
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any period when removed by lowering the values of related shift, break, 

and work pattern variables; 

(f) applying the RA algorithm to the solution found for the LP relaxation of the 
MELP model ( current node} by the B&C algorithm when it violates one or 
more integrality conditions r-and passing it to th e B&C algorithm if and, when 
a solution better than the best integer solution known is found by the RA 
algorithm, passing it to the B&C algorithm bv a computer ; 

Claim 2 (original): 

The method of claim 1 further comprising of repeating steps (e) and (f) for every 
node the B&C algorithm solves by the computer and finds a solution whose values for 
decision variables violating violate only som e one or more integrality constraints, until a 
terminal solution to tho MILP model that is either an optimal integer solut ion or the best 
integer solution for the MILP model is reached; 

Claim 3 (original): 

The method of claim 1 further comprising of processing the terminal solution 
found by the computer t o assign daily shifts with start times and shift lengths to work 
patterns , and days off sch e duled to tours , and daily breaks to specific shifts with start 
times and shift lengths to develop detailed weekly agent schedules; 

Claim 4 (original): 

The method of claim 1 further comprising of assigning agents to detailed weekly 
agent schedules tews by the computer ; 

Claim 5 (original): 
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The method of claim 1, in which a terminal solution to the MJLP model 

formulat e d is found when the objective function value for an integer feasible solution 

differs no more than a pre-specified percentage from the best lower bound found in th e 

B&€ algorithm for the MILP mod el rlowest objective function value fo und for the LP 

relaxations of all nodes created in the B&C algorithm to which the RA algorithm has not 

been applied when the integer feasible solution is found; 

Claim 6 (original): 

The method of claim 1, in which a terminal solution to the MILP model 
formulated is found when an integer feasible solution is found and a pre-specified period 
of time is passed in searching for a better integer feasible solution bv the B&C algorithm ; 

Claim 7 (original): 

The method of claim 1, in which a terminal solution to the MELP model 
formulated is found when an integer feasible solution is found and a pre-specified 
number of nodes are solved in the B&C algorithm and evaluate d using the RA algorithm; 

Claim 8 (cancelled) 

Claim 9 (withdrawn): 

A plurality of MILP models for optimal workforce scheduling in a contact center 
environment involving a plurality of agent skill groups who can s e rve customers using a 
plurality of contact types with the definitions of decision variables, formulations of 
objectiv e functions, agent requirements constraints for each period and contact types to 
b e sch e duled, contact type assignment for agents from each agent skill group in e ach 
period to be scheduled, constraint s to ensure tour, daily shift start time, daily shift length, 
days - off, work patt e rn, and a plurality of breaks and associated scheduling rules, and 
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con s traints to adhere to the number of agents availabl e in a plurality of part time/full - tim e 
agent work groups. 

Claim 10 (withdrawn): 

The method of claim 9, in which the obj e ctive function, agent requirement 
constraint for each period and each contact type to be scheduled, and contact typ e 
assignm e nt for agents from each agent skill group in e ach period to be schedul e d ar e 
math e matically formulated as: 





Subject to 



; rcR, tcTh, h- I,. ..J, 



f yx, Y, Z, U, W, V, QX, Q, QU, QW, QV) 



JcJ.toTn, h~ I,... J, 



wh e r e 



g yx, Y, Z, U, W, V, QX, Q, QU, QW, QV) = 
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— Pig -^^ : "^ n TrF V" J ' ^ r-nT ll fnht"'Q^r knthl 



JcJ, teTiH h-l,...,7, 



wh e r e X* fe and QX* k fe arc the ag e nts from agont skill group j assigned to tour typo k, 
respectiv e ly, requiring and not requiring consist e nt daily start times and shift length with 
a daily start tim e of i, is the number of agents from group j assigned to work pattem 4 
of tour k, Y* ka , is the number of agents from agent skill group j assigned to tour type k 
with a daily start time of i and starting th e ir minimum required consecutive days off on 
day h, is th e number of agents from agent skill group j as s igned to tour type k with 
a daily start time of i with cons e cutive days off starting on day m and starting their 
additional day s- off (not necessarily cons e cutive) on day h, r k is the number of additional 
days - off an ag e nt assigned to tour k receives in addition to consecutive days - off, UW? 
WW-aftd-V^h t arc the numbers of agents from agent skill group j assigned to tour typ e 
k, kcKj, with a daily tart time of i and starting their r e lief or lunch break in period t on 
day h, B lW ^Waa^^fe a arc the break start times (break window) on day h for 
ag e nts from agent skill group j assign e d to tour k requiring consistent daily start times 
and shift l e ngths with a daily start tim e of i, QUW QW W and QV* m t are th e numbers 
of agents from agent skill group j assign e d to tour type k, kcQKj, with a daily tart tim e 
of i and starting their relief or lunch break in period t on day h, QBlW ^i^kas-a*** 
QB^ia h are the break start tim e s (break window) on day h for agents from ag e nt skill 
group j assign e d to tour k requiring con s ist e nt daily start times and shift length s with a 
daily start time of i, G**W is th e number ag e nts from agent skill group j assigned to serve 
custom e rs using type r contact type in period t on day h, b F b t is the numb e r of ag e nts 
n ee d e d to serve customers using contact typ e r in p e riod t on day h, Mf i s th e agent skill 
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groups that can sorvc custom e rs using contact type r, R is th e sot of all contact types 
availabl e to customers. 

Claim 1 1 (withdrawn): 

The method of claim 9, in which the break and days off scheduling requirements 
arc formulated into a set of constraint s requiring that sufficient number of daily breaks, 
and pr e specified minimum number of consecutive, and additional non consecutive days 
off ar e schedul e d for agents from each ag e nt skill group a s sign e d to tours r e quiring 
consist e nt daily shift start tim e s as: 

xW^iah-^ki^^ HeI fe,kcKj,h- 1,...,7, 

^1*^1*^11**^^ rfel fckcKfrh- 1, .,7, 

^k»-^k&-^k^^m^^ r-te k, kcKj, h~ 1,...,7, 

A^^-^kM -ie ^kcK^ h~ 1,... ? 7 3 

^kfe H < Y *k& -r~ieJk, kcKj, h = 1,...,7; 

mf h, (h+1) 

X^-— ^-^i^ , iclfc, kcKj : — 



Claim 12 (withdrawn): 

The method of claim 9, in which th e break and daily shift scheduling 
requir e m e nts arc formulated into a s e t of constraints requiring that s uffici e nt number of 
daily breaks and s hift s arc scheduled for agents from each agent skill group assigned to 
tours not requiring consecutive day s off and consist e nt daily shift start tim e s a s : 

Q^^-^te^teh-Q^k^ , ncFie, icQIk, kcQK^ h - 1,...,7, 
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QXW— ^eQ^wh-Q^ka&t r^efi^ieQ ^ kcQK^ h - I,. ..,7, 

Q^teAr-^ieQ^teA-^^ ^ncF^ icQI*, kcQK^ h~ 1,. ..,7, 

S^Qy^-A^^y-^-^fieFk^eft-^^ kfite , kcQKj, h ~ 1,...,7. 

Claim 13 (withdrawn): 

The method of claim 9, in which daily breaks, shift and days off scheduling 
requirements for tours requiring consistent daily shift start times arc formulated into a set 
of constraints by defining pscudo tours k in QKj, each with one daily start time in Qlk -and 
shift length s in F k-asE 

Q^w-^eQM^ia* rftefig4eQ ^ kcQK,, h - 1,...,7, 

Q^^--^ t€ Q^ kA -Q^i tH *i ; ncFb icQI^ kcQK,, h - h^h 

Q#kd*^^e&m-^k* r^efi^-teQ^ kcQK,, h - 1,...,7, 

Claim 14 (withdrawn): 

The method of claim 9, in which the limited agent availability for 
agent group j and tour k, lA ^ffld--Qgy^ s is formulated into a set of constraints as: 

^^te-^tT* JcJ.kcF^ 

£fcQy& ^ < QDy "* JcJ.kcQ^ 

Claims 15 (withdrawn): 
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The method of claim 9, in which fixed days off or early closur e days for a tour is 

assured by setting values of associated days off variables to zero. 
Claim 16 (withdrawn); 

The method of claim 9, in which the objectiv e function can be formulat e d to 
minimize cost, total agent time scheduled, total agent time scheduled weighted by agent 
s kill group, total paid agent tim e schedul e d, total paid agent time scheduled weight e d by 
agent skill group, or to maximize ag e nt prefer e nc e s. 

Claim 17 (withdrawn): 

The method of claim 9, in which the objective function, and agent requirement 
constraint for each period and contact typ e s arc formulated to includ e an overage and an 
underage variable, and a penalty for each period and contact type with agent shortag e in 
the objective function when there aren't enough number of agents to meet requirements 
by all contact types in all periods to b e schedul e d. 

Claim 18 (withdrawn): 

The method of claim 17, in which the total overage or underage for a plurality of 
contact type s is limited to a pre specified lev e l. 

Claim 19 (withdrawn): 

A rounding algorithm (RA) to search for integer feasible solutions using a 
solution violating only some integrality requirements on some decision variable s to a 
Mixed Integer Linear Programming (MILP) model of a workforce scheduling 
environment comprising the step of: 

a) Obtaining the valu e s of the decision variables in th e solution found to th e 
MILP model; 
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b) Rounding the fractional values of decision variables U, W, V, QX, QU, QW, 

QV, AND G down, and vvccldy tour variables X, and work pattern variabl e s 
down if their fractional part is less than or equal to 0.50, and up if greater than 
0 50, provided the agent availability constraints ar c satisfi e d; 

c) Scheduling additional days off by increasing the valu e s of Y and Z if 
additional days off needed to satisfy tour scheduling requirements, and 
additional daily shifts to have a s hift scheduled for e very agent who will b e 
working on a given day based of th e work pattern scheduled; 

d) Scheduling additional daily breaks if the number of breaks of each type is not 
sufficient to satisfy break scheduling rule s for a tour, and unscheduling breaks 
if mor e break s are scheduled due to rounding; 

c ) Computing agent shortages and e xc e ss e s for each contact type and planning 
period; 

f) Computing agent availability for all agent groups, comparing them with th e 
agent allocation s to different contact types by the rounded values of allocation 
variable s G, and allocating exces s agents not accounted by allocation 
variables G to contact types; 

g) Checking the solution constructed in steps (a) through (f) to find out if all 
agent requirements are met in e very period and , when all requirem e nts ar e 
m e t, eliminating all r e dundant agent tours and stopping with the integ e r 
feasible solution found; 

h) Stopping with an infeasible solution if all available ag e nts arc scheduled; 

i) Continuing to step (i) if th e r e arc agents available to schedule and th e r e 
shortages in som e periods for some contact typ e s; 

j) Finding all periods in which some contact types have shortages, finding an 
agent together with a complete tour schedule with work and non work days, 
daily shift start tim e s and shift l e ngths, daily break tim e s to reduc e th e ag e nt 
shortag e s, and adding to th e solution by updating the values of th e d e cision 
variabl e s to include the newly found tour sch e dul e ; 

k) Repeating steps (h), (i), and (j) until an integer feasible solution satisfying all 
requir e ments if found; 
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1) Examining the tours scheduled in the integer feasible solution found and 

eliminating redundant tours 
Claim 20 (Withdrawn): 

A computer program in a computer readable medium to be run on a computer for 
developing optimal schedules for a plurality of agents with a combination of d e fin e d 
skills, and work groups with part time/full time work requirements, a plurality of contact 
type s requiring defined agent skills, a plurality of tour and shift scheduling rules, and a 
plurality of contact centers, comprising of: 

mean s for acquiring agent and skill requirements for each period to be scheduled; 

means for acquiring, for each contact center to be schedul e d, operating hours, 

agent skill groups, agent work groups specifying part - time/full time work 
patters, and scheduling paradigm for contact centers to specify whether 
each center is to be sch e duled independently or a plurality of contact 
centers as a virtual contact cent e r with combined; 

means for acquiring tour and shift parameters and scheduling rules, and their 
availability to agent skill and work groups at different contact centers; 

means for acquiring the objective criterion to be optimized and objective function 
parameters to quantify cost or ben e fit; 

means for generating an MILP model by defining decision variables, parameters 
and sets, and then formulating the objective function, agent and skill 
requirement constraints, breaks constraints, days - off and work patt e rn 
constraints, agent availability constraints, oth e r schedule relat e d 
constraint s , and non negativity and integrality constraints; 
means for solving the MILP model using an optimization algorithm; 

mean s for generating a detailed tour schedule using a terminal solution to the 
MILP model found by as s igning daily shifts to work patterns scheduled, 
days - off to w ee kly tours, and break s to daily shifts; 

means for assigning agents to specific tours. 
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